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ABS' RACT

I Newman has developed a linearized theory for the
motions of a slender body of revolution, with vertical axis,

which is floating in the presence of regular waves. In the

present paper a series cŽf experimental investigations were

made and compared with Newman's theory. Experimental

measurements of motions were made in regular and irregular

long crested waves. Press*res at several locations on the
models were also measured And compared with the theory.

The meaf:urements of motio,.s give excellent agreement with

theory for slender body. An extended formula was developed
for hea-,e motion for small slenderness ratio of the body.

The theoretical prediction for pressure on the body also
was found to give excellent agreement with the experimental

measurement except near the free surface. Observation of

vortex generation was made by electrolysis.

F
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NOMENCLATURE

A incident wave amolituAe

f freauencv of oscillations (cPS)

g acceleration of gravity

I moment of inertia of buov in nitch about the
center of gravity

H buov draft

K wave number C/1

Sradius of gvration ,Fil

buov mass

1' added mass of buoy in heave motion

pressure

q• SEctiol arlA nf buoy

Ss~ -- m__
-In

x,y,z cartesian coordinate svstem

4• Position of center of gravity of bucv

vertical prismatic coefficient

C density of fluia

velocity notential

SS heave displacement of buov

surge displacement of buoyI

pitch angle of buoy

W circular frequency of oscillations

:T. natural Period (sec.)

1
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x damping coefficient, for examnle, to ÷JI* +

u non-dimensional damning coefficient

natural angular ftequency

CkIt the KH value for natural frequency

t

I
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The inherent stability of slender poles f]oating with

the long axis upright has long been recognized. Uti-lization
of this principle has ranged from simple wave poles to more

complex oil drilling platforms. The concept has also been
applied in the design of stable, floating platfoirns, called
"spar buoys," employed in oceanograplic research.

The construction of a spar bucy was proposed by Fisher

and Spiess and reached fruition with the delivery of FLIP(3)

(Floating Instrument Platform) to the Scripps Institution

in 1962. The original intent was to provide a stable platform

from which mid-ocean acoustical experiments could be performed.

Of course, the scope of potential investigations in the field

c- 'eanography which require a stable platform is very broad,
..he utilization of "spar buoys" for various experiments

should continue to increase in the future.

Besides FLIP, there are three o;-her "spar buoys" in
existence. One is called SPAR(4) (Seagoing Platform for

Acoustical Research) and is operated by the Navy in the

Atlantic. Another "spar buoy" is operated by the Musee Ocea-

nographique in the Mediterranean. The most recent addition
to the growing fleet of "spar buoys" is called POP(5) (Perpen-

dicular Ocean Platform) which is operated by General Motors
from Santa Barbara, California.

The interest generated by FLIP has led a few investigators

to develop theories for the prediction of the forces acting

on the buoy in the upright direction and the motions excited

by waves. These theories, when practically applied, hav-2 great

value not only from the standpoint of design of future spar

buoys, but also •or utilization in oceanographic experiments
when it is necessary to remove errors introduced into collected

data by buoy motions.

L.



In 1963, Newman(!), published his linearized theory on the

motions of "spar buoys." Newman's paper served as the srimulu3
for the Present investigation. It was used in the development

of theoretical predictions for the pressures acting on a buoy

in waves and for predicting the motions of a buoy excited by

waves. Another method for the prediction -f "spar buoy" motions

was proposed by Rudnick(2) and may be viewed as a simplified

approach to the problem that leads to essentially the same

predicted values of the motions as Newman's thýor-.

The goals of the present investigation are divided into
two major categories; theoretical and experimental. The

theoretical portion invluded a search for methods of predicting

the exciting forces and motici~s of a "spar buoy" in waves.

Artet this was completed, a method, based on the use of a

digital computer, was levelored for applving these theories

to a "spar buoy" of arbitrary dimensions.

The experimental phase of the work was then to evaluate

the merits of the theories. For this purpose a series of models

of various slenderness ratios (draft/radius) and bottom

configurations (flat or conical bottom) was constructed. This

permitted a -7areful appraisal of the limits of applicability

of the linearized assumptions made by Newman. It was found

that the agreement between theory and experiment was excellent

for slenderness ratios greater than about seventeen. However,

as expected, a modification of the theory acccunting for added

mass in heave was necessary for slenderness ratios lower than

seventeen.
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II. THEORETICAL BACKGROUND AND COMPUTER PROGRAM

1. • Newman's Theory

Newman approaches the problem on the basis of the classical,

inviscid motion theory. He seeks a velocity potential, XJ...t)

which satisfies Laolace's equation suLiect to the following

boundary conditions:

1. The kinematic boundary ccndition on the body.

2. The free surface boundary condition.

3. Tne radiation condition.

In deriving the hydrodynamic forces and moments acting on

the body, it is assumed that the incident waves and the
oscillations of the body are small, and the body is slender.

The analysis with only first order terms in the body's diameter
leads to undamped resonance oscillations of infinite amplitude.

To analyze motions near resonance, it is necessary to introduce

damping forces which are of second order with respect to the

dizameter-length ratio.

Adopting the nomenclature of Newman's report (1), the

amplitude of waves, heave, pitch, and surge will be described

by A, , 4 respectively (Figure 1 portrays the coordinate

system) Denoting:

( Z

*1

in5~
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Solutions of Newman's undamped equations of motion are:

"5 = A I--KH

? ý ( f oms cat (2)

f =zA[ P11 -`& os cot (3)

heave when
SK__!-

YH
in pitch and surge when

K=

Newman proceeds with his analysis to compute a damping term

and includes it in a set of damped equations of motion. The

solution of this set of equations and the solution of the equations

of the extension of Newman's theory tc bodies of small slenderness

ratio 1have been obtained and included in the computer program for

the evaluation :ýf the motions.

The solutions of the damped equations of motion are extremely

cumbersome and are not of practical importance because compuatational

experience has shown them to be unnecessary for the configurations

examined except in a very narrow region near the resonant frequency.

defined as the ratio of draft to mean radius of the body.
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Solutions of Newman's damped equations of motion are:

- ~A (0 XIiQ)£y-<ctt~) (4)

K K& 04- KH o H

;Si4 (cot (5)

=in - )(6)

where
2 2

-I+ 
A

;i~C - +- ~•

Z0Z3

)V 1< [.? "tK Ky'{ - 2,Q1:-X H~)

S .•(' XHQ -XKIH.

!i i I, = • •4~4
J~a'-



It should be noted that this theory as well as the presen-

tation of Rudnick's theory(2) described later in this chapter deal

with bodies of revolution which move only in one plane (i.e., only

three degree of freedom; heave, pitch, surge).

2. Extension of Newman's Theory to Bodies of Small Slenderness
Patio

The formula in the preceding section do not include heave

added mass. This is a consequence of utilizing the slender body

theory in the solution of the potential problem. As the model

deviates from the slender body assumption made in Newman's theory,

a modification is necessary.

In order to extend Newman's theory zo include cases of small

slenderness ratio added mass and viscous damping terms should be

included in the equation of motion. The primary effect of the

heave added mass term is to shift the resonant frequency, while

viscous damping tends to decrease the amplitude of the response

of the motion (i.e., to change the magnification factor).

Since the damping is small in either case, the effect on

body motions in a realistic seaway will be more strongly influenced

by changes in the natural frequency. Therefore, the viscous

damping was not taken into account. As a refer.ence, the measured

total damping, which is t e sum of the viscous damping and the

damping due to the energy dissipation through waves, is given in

Ta)l~e 2 in non-dimensional form.

In order to incorporate heave added mass into the equations

of motion, we first define tbo new added mass coefficients as

follows:

)I"

7A
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It is well know that the added mass coefficient is a function

of not only the geometry of the body but also of the frequency

of the motion. In order to find an approximate value of this

added m•.ss coefficient as a function oi the slenderness ratio,
freeoscillation experiments weme mac:•e with several models

representing a considerable range of. slenderness ratio. The

results of these experiments are plotted in Figure 5.

The modified heave Mo-t-ion including the above heave added
mass is

1- 1

3. Rudnick's Theory

Rudnick approaches the problem by considering the three

major contributors to the total force system acting on the buoy.

These are the forces associated with the mass of the buoy, the

hydrodynamic accelerations, and hydrodynamic response to transverse

acceler-tions. Summation of the forces and moments yields one
vector equation for forces and one for moments. Taking the conm-

ponents and performing the requisite integrations leeds to the

equations of motion. For purposes of comparison of the twL

* methods, u.•dnick's solations are presented here in terms of the

same set of variables as used in Newman's theory. The solutions

are:i.1f

I!
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-XKH ]s: 4 ?

A Cs C (9)

Resonance in heave occurs when:

in pitch when:

and there is no surge resonance.

4. Computer Program

A digital computer pr"g:am was written in the FORTRAN IV

language for evaluating the theoretical predictions of buoy motions.

A listing is given in Appendix

The integrations involved in evaluating the coefficients P1
.1 • 0 , and 0_ may be performed easily for several possible

shapes of the buoy (i.e., cylinderical, conical). These integrations

may then be stored in subprograms in the form of an equation for

the inuefinite integral (one subroutine for each possible shape).
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Any possible underwater configuration of a buoy may then

be broken into a series of cylindrical and conical segments.

The sementation of the buoy is read into the main program along

with the uther data on the density of the water, the weight of

the buoy, and its dimensio•is. The main program then calls on

the subprograms to evaluate P, , , S0 , • for each segment of

the buoy and sums the results from each subprogram to obtain

the overall value-. for the buoy. Once these values are found,

the evaluation of equations (1) through (9) for the motions is

a simple matter. The actual operation of the program is depicted

in a flow chart shown schematically in Figure 32.

i

Iii.
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III. EXPERIMENTAL TECHNIQUE

The constraction of models and experimental techniques are
described in this chapter. Pitch, heave, and surge pressures
and the vortex generation around the model were observed or
measured. rour methods were used in different experiments to
measure the model motion. Pressure gages were introduced to
measure the pressure on the model and electrolysis was introduced
in order to visualize the flow around the model. They are ex-
plained in detail in each section.

1. Models

Four models of different diam:zters were made of aluminum
pipe. Each has two bottom attachments. One is a flat disk

and the other is a dircular cone shape with a fixed height of
three inches to fit into the pipe. Therefore the family incor-

porates systematic variation in transverse dimensions only.

The construction of models is illustrated in Figure 2 and

their dimensions and characteristics in Table 1. The measurements
performed in each case is also described in the table.

2. Multiple Flash Photograph Technique

This method employs a camera used for taking still photo-
graphs. The camera was mounted on a set of rails about four
feet long and placed parallel to the towing tank so that a
picture could be taken throuqh the glass panel at the side
of the tank. A black background cloth was placed on the opposite
side of the tank, and the model was also painted black with white
identification stripes. During the test the entire tank area was
from the stroboscopic light directed at the model and set to flash

at intervals of one-tenth of a second.



II

A test would consist of the following steps:

1. The mode! was positioned and waves generated.

2. -All ligh were shut off and the stroboscopic light was
switchec on.

3. The shutter of the camera was opened and it waa slid
along the rails.

4. When the camera had moved past one panel of the window
tne shutter was closed (about 2-3 seconds).

The film used was a polaroid film which produces both a

positive and a negative. The positive could be viewed immediately

and the results either accepted or rejected after each test.

If the results were satisfactory a large scale print was made

from the negative.

The motion measurements obtained by using this technique

were found to have a great deal of scatter. In addition the

limited exposure time permitted only about one and one-half

periods of the motion to be recorded. It was, therefore difficult

to obtain a dependable average of the amplitude of motion and,

consequently, the method was discarded.

3. Motion Transducer TechniqueIIn order to facilitate the evaluation of results as well as

to record several cycles of motion, it was felt that an electrical

measuring device with its output !ed to a chart recorder would
be desirable. Data gathered by this technique could be viewed

immediately and would provide a record over many periods of

motion. In this was extra-..ous motions could be eliminated
leaving only "Steady state" values.

A "constant thrust" gravity dynamometer was available in

the laboratory and had previously been used for towing ship models

in head seas. This device was too heavy for the needs of the

present experiments, however, so a new design was prepared and
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constructed attempting to minimi'e both weight the friction of

moving parts. Figure 4 is a schematic drawing of the motion

transducer. A description of this instrument is as follows.

A set of rails was fixed in the direction of propagation of

the waves. A light weight subcarriage was mounted on the rails
and connected by a wire and pulley to a potentiometer so as to

sense surge translations of the model. Four ball bushings were
mounted in the subcarriage holding two vertical guide rods which,

in turn, are attached to the buoy model through a pitch pivot at

their lower end. Wire, a pulley, and a potentiometer system iE

incorporated between the vertical rods and thp subcarriage to

measure the heave motion. The pitch motion is sensed by a poter-tio-
meter gear driven from the Ditch pivot.

There are two drawbackb in this device which limited its
successful application. They both arise from the fact that the
models are long and slender, thus, the mechanical connection to

the model must be at the top. When the model rotates about its

center of gravity both rotation about the pitch pivot and surge
translation of this point, therefore of the subcarriage result.

The friction in the subcarriage therefore introduces a great deal
of external pitch damping and at the same time the mass of the

subcarriage increases the effective moment of inertia of the system.
A correction for ti-ese effects is shown in Figure 7.

The second detrimental effect is that tangential motion at
pin due to pitch mo':ions must be subtracted from the recorded
horizontal translations in order to obtain the true surge at the

center of gravity of the model. Since these terms are often of
similar magnitude the errors introduced into the measured values
of true surge may represent a substantial percentage.



4. Aiotion Picture Technique

Experimentally this is the simplest technique employed in

this work. A 16 MM movie camera is set to shoot through the

glass panel in the tank wall. A clock and vertical reference

line are placed in the center of the tank so that they will be

within each frame. The model is left free and positioned so

that it will not drift out of the frame of the picture during

the run. For length measurement a reference scale is marked

o.. *zhe model thus alleviating parallax error.

The advantage of this method is that the model remains un-

encumbered with any device capable of disguising the actual

motions. The major disadvantage lies in evaluating the results.

To say the least it is a time consuming and most arduous duty.

Nevertheless, it remains one of the most accurate and successful

techniques of measuring the true buoy motions. It was, therefore,

used as a "standard" for evaluating the accuracy of other methods.

5. Accelerometers and Rate Gyro Technique

A. Instruments and Experimental Procedure

In the last two models (i.e., Model No. 3.4) two seismic

accelerometers oriented to sense heave and surae motions

and one rate gyro-scope were installed. To facilitate

installation of thase instruments, they were packaged in

an instrument module. This module was then placed in the

models.

These instruments are:

Accelerometers;

(for heave) - Statham Lab. Model No. f-2-350,

11 V max *2G
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(for surge) - Statham Lab. Model No. c-1-350,

9 V max 1G

Rate Gyro

(for pitch) - U.S. TIME Model No. 40, 07-90023,

40 V. Max. Out at 40 Deg/sec.

In this experiment the r7del was restrained only to
prevent it from rotating about its vertical axis of revo-
lution. This was necessary in order to maintain orientation
of the pitch gyro and surge accelerometer. Two light alu-
minu-m st-uts were installed to project upwards on too of

the model. The model was positioned in the tank so that
these struts were restained between two horizontal, parallel
stainless steel rods mounted longitudinally on the carriage
in the center of the towing tank. These restraining rods
were well lubricated before z.ach experiment. The instrument
leads from the measuring instruments in the mcdcl were made
from light weight phonograph arm wire and were loosely hung
on the carriage to permit the model to move freely in the

direction of propagaticn of the waves.

It was initially attempted to double integrate the
acceleration signals to get the corresponding displacements
of motion by using series operational amplifiers connected
as integrators. The final value was found to contain large
errors as a result of drift and noise in the integrators,
so this method was given up. It was however found satisfactory
to integrate the angular velocity output from the rate gyro
to obtain the pitch displacement signal. The accelerations -

the signats of the accelerometers - and the angular displace-
ment o-btained by integrating the gyroscope output as well as
the wave amplitude were recorded on a strip chart recorder.

J-
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Instead of twic1 integrating the heave and surge
accelerations the motion was assumed to be sinusoidal.

In this case, acceleration is related to displar.pient

by the following relationship,

In each experiment the average of the frequency of

the acceleration was obtained through several measurements

of accelerations recorded on the chart paper. It is
obviously not valid to use the above relation when the

motion is no longer sinusoidal. However, it is also
observed, as we expected from the standpoint of the

shallow water theory, that the longer the waves the more

the deviation from the sinusoidal waves. It was not
considered important to investigate the responses of the
motion in long waves of which the wave length is greater

than fifty feet since this kind of wave is beyond the expected
range of large model motion. For shorter waves the motion
was found to be nearly sinusoidal and this relationship

could be used.

In order to obtain the pure (true) heave from the
measured heave motion a correction should be applied for

the effect of pitch. However, since this correction varies

as one minus the cosine squared of the pitch angle it may
usually be neglected. In the present case the maximum
value of the effect of the pitch on heave was only about

3 to 4 per cent of the measured heave motion, On the other
hand, the effect of the pitch on the surge acceleration

measured by the surge accelerometer was about 90 per cent
of the measured value. This was felt to completely obscure

the true surge motion and consequently, surge was not

evaluated by this technique.
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B. Irregular Waves

Irregular waves are generated in the tank by means of

a hydraulically driven wave maker in which the length of

stroke of the wave maker paddle is controlled by a servo-

mechanism in response to a signai recorded on magnetic tape.

using a stock input tape, the time scale may be adjusted

by adjusting the speed of the tP'pe recorder and the amplitude

of the stroke by adjusting the gain of the servoamplifier.

The random waves were sensed by a resistance type wave

probe and recorded in both digital form on magnetic tape

and in analogue form on a strip chart recorder. The model

motions were recorded in similar fashion.

The digital recorder has the capability of sampling up

to sixteen input channels at a rate of one hundred samples
pr.r second. In our experiment a total of five channels were

used including one empty channel to record angular displace-

ment of Ditch motion, heave acceleration, surge acceleration,

incident wave aplitude, and the fifth channel was empty as a

marker.

Only one model condition, the third model with conical

bottom, was chosen for experiments in irregular waves. The

wave spectrd used were chosen such that their characteristic

frequencies were close to the natural frequency of the model.

The spectra of the random waves are shown in Figure 15.

In regular waves the effect of the pitch motion on the

heave accelerometer was neglected as mentioned in the pre-

ceding subsection, but this effect can not be neglected in

the experiment among irregular waves. For the pitch motion

is no linger harmonic sinusoidal and the effect of the pitch

motion on the heave accelercimeter is not negligible. This
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correction could be done similarly by the transformation

of the coordinate system.

Once the input (wave) and output (true motion response;

are obtained the transfer function of the system of the

motion can be found. As output, the true heave acceleration

and angular displacement of pitch motion were used, and as

input the wave. A standard spectral analysis computer

program was used for this purpose. In or-ler to compare

with this experimental result in irregular waves, the

extended form of Newman's theory was used as for a

theoretical prediction of the response amplitude operator.

C. Calibration and Wave Measuring Device

To calibrate the accelerometers and integrated rate

gyro output, a static method of calibration was applied

I to the instrument module by displacing it through a known

ik angle. The angulai output was thus calibrated directly

and the apparent acceleration sensed by the accelerometers

was gravity times the sine or cosine of the angle of in-

clination.

i The waves were measured by an electric resistance wave

probe. This device consists of a probe passing through
II the water surface and a bare ground wire on the tank bottom.

The electrical resistance between the probe and ground is

found to be very linearly with the wetted leng±h of the

1  probe. A Wheatstone bridge is used to detect this resistance

change.

U!



6. Pressure Measurement

To measure the pressure samples on the model two pressure

gauges were installed on the nx-del surface of the third model

with the cone shaped bottom after the model as illustrated in

Figure 3. One gauge is located near the water surface and the

other is located near the bottom of the cylindrical part of the

model.

The two pressure gages used are as follows:

The upper pressure gage; Statham Model No. PM 222 TC

Sensitivity 500 MV/V/psi

The lower pressure gage; Kulite Model No. CPL-125-10

Sensitivity 1.2 MV/V/psi

To calibrate the pressure gages, a known static water head

was applied by moving the model with gauges installed up or down

a known distance in the water.

7. Flow Visualization - Vortex Observation

It is of a considerable interest to investigate the effect

of viscosity in the motion of the spar buoy in the waves. In

the theory, the fluid is assumed inviscid, but the effect of

viscosity of water should be taken into account when the motion

is large or the slope of the body of the revolution is very large,

e.g., near the edge of the flat bottom. It was attempted to

observe visually the onset vortex generation near the flat bottom

of a model by introducing into this region hydrogen bubbles generated

by electrolysis. A fine wire was put on tbe model and electric-

ally isolated from it. Another electrode was made of copper plat'.

and fixed near the moving model. A D.C. voltage was applied to

these electrodes and the resulting electrical current was adjusted
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until the size and quantity of the bubbles were suitable for

observation.

Two different models were employed to do this experiment,
one had a flat disk bottom and the other had a cone shaped

bottom. The vortex generation was not observed in the latter,

but near the edge of the flat disk bottom, a slight vortex

generation was observed due to heave and large pitch motion.

i
I.

11

*1
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IV. EXPERIMENTAL RESULTS

1. Experimental Results in Regular Waves

The results of the motion picture and motion transducer

measurements of the experiments performed with the Model No. 2

with the cone shaped bottom and slenderness ratio of about 17

are presented in Figure 6, 7, 8.

The resu)ts of the accelerome:er and rate gyro measurements

for Models Nc. 3 and 4 having slenderness ratios of about 10

and 5 for regular waves are presented in Figure 9-14.

The added mass coefficient versus slenderness ratio for

heave motion is given in Figure 5.

2. Experiments in Irregular Waves

The wave spectra are presented in Figure 15. The results
of the heave and pitch measurements in irregular waves are presented

as heave acceleration spectra and pitch angular displacelttent spec-La.

The transfer functions for these motions were also obtained and
theoretical prediction of those transfer function were computed

as previously noted. All of these results are presented in

Figure 17 to 29.

3. Pressure Measurement

Pressure measurements for two different depths and three

different angular orientations are given in Figure 30 and 31

together with their theoretical predictions from Newman's theory.
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V. DISCUSSIONS

1. Motion Picture and Motion Transducer Measurements

The results of motion picture and motion transducer measure-

ments of the experiments performed with Model No. 2 with cone

shaped bottom presented in Figure 6, 7, and 8 shows following
features.

Heave. Both techniques of measurements show excellent

correlation with the theoretical predictions. The scatter of

points at higher KH values is understandable in light of the

experimental error in measuring these very small motions and

the possibility of introducing at random exciting forces that

vary from the regular wave pattern.

Pitch. The motion picture results show excellent agreement

with theory. However the transducer results are disappointing

and illustrate the damping which is introduced by the instrumentation.

jj The reason that damping influences the pitch motion while 4t does

affect the heave can be seen if the system is closely examined.

As mentioned previously, pitch friction results from both a

rotation about a pivot and surge translation along the rails,

while heave friction arises from the tour ball bushings and the

pulley potentiometer connection.

SSurge. Again both tPchniques yield similar results. It

should be noted that a correction should be applied to the poten-

tiometer results for surge in the case of Newman's theory. The

effect is most pron-unced in the area of predicted surge resonance.

it reduces the value KH fcr resonance slightly and increases the

value at higher K11 v.-lues. The correction is generally small

and for the sake of clarity was not plotted. The data does

indicate the possibility of a resonance in surge, although much

I more data is required before a conclusion on this point may be

reached.
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2. Accelerometer and Rate Gyro Measurements

A. In Regular Waves

The extended formula of Newman's theory for heave gives
an excellent prediction for the model of small slenderness

ratios.

The measured pitch motion and its theoretical prediction
show good agreement with each other for the models of slen-

derness ratios of 10 and 5.

B. Irregular Waves

The transfer functions of the three different experi-

mental results for the same model condition show excellent u

agreement each other.

The theoretical prediction and experimental values of

the transfer function for the heave acceleration and pitch
angular dispiactment does not give good agreement auan-

titative±y but taey give good agreement qualitatively.

3. Pressure Measurement

The pressure measurements at the lower pressure gage near
the bottom gives a very good agreement with the calculation of
the Newman's theory in all the three different orientations.
The upper gauge, however, shows much deviation from the prediction
in all the three orientations. It is sugSested that this dis-

crepancy results mainly from the effect of the free surface,
i.e. we lineaxized this free surface boundary condition.
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4. Applicability of Newman's Theory

For the model of which the slenderness ratio is about 17
Newman's theory gives very good prediction for the heave, pitch,
and surge. For the slenderness of 10 and 5, Newman's theory
gives a good prediction for pitch, but for heave the extended
formula of Newman's theory gives better agreement with che
experimental results.

LI

LI
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FIGURE 4. Schematic of Motion Transducer Apparatus
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FIGURE 7. Pitch Re;ponse for Model #2 with Conical Bottom
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(dimensions, etc.) I Calculation of draft,
center of buoyancy

/ / I•--•Evaluation of PI. P2'Q I

MAIN(3) •MAN --- ý a) R--Newman damped equatos

PROGRAM

Newman undamped equat ionsý

Rudnick equationsi

PRINT OU OF RESULTS R Evaluation of pressure at I
I any point or buoy (Newman)j

I = information needed for computations of subprogram
R = results of subprogram computations

Possible shapes for which calculations can b- made:

(1) Cylindrical segments
(2) Conical Segments

(3) Hemispherical ends

(4) Elliptical ends

(5) Third degree polynomial end

* The numbers in parentheses in the diagram indicate the steps
involved.

FIGURE 32. Schematic Flow Diagram
of Computer Program
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APPENDIX A: SPAR COMPUTER PROGRAM AN4D ITS WKITN!ZUK-

PROGRAM SPAR ;INPiTOtJTPUT)
DIMENSION NOSFCT(8)9 NTYPE(8)% AZ(9) .AAA(8).BBB(8).CCC(8).DDD'

8 )
DIMENSIn)N ZETA(50)v UNZETA(50)9 XI(50)9 UNXI(SO). PSI(50)

DIMENSION ZETj1(50).ZETA2(50),LETA3(50).ZETA4(5O)
DIMEN4SION UNPSI(50)
DIMENSION 00(50)9 01(50.9 000(50)9 Q11(50)
DIMENSION AK(50)
DIMENSION DAMP(5O)
DI MENSION DAMP1(50)
DIMENSIOM HH(8)
DIMENSION AKH(50)
DIMENSION PSli(50)9 X13( 50)
DIMENSION TITLE(1O)
DIMENSION EPSTALO(50)
DIMENSION AMOM(8)
DIMENSION CFREO(50h9 RPSI(50)
COMMON/FIRST/A. 89 Cs Do It Lq SURVOL. AREA, TOTVOLo VOL* He' CHI.
I We cj, ROE. SC;. AZ. AMOM. HH, ADD
COMMON/SECONDBB. Z19 ZO9 P119 P19 ZG9 P229 02. No K9 AW. AB* AA,

1 CA# Z. AK'. 0009 00. Q119 01

cO?4MON/lAIRD!OQQ OR, OMEGA. AR% Z'ETA' PSI# XI, EPSIL09
1 UNZEfAt IINP519 UNXI, ZETAI. LETA29 ZETA39 ZETA4, X139 PS13
COMMON/FOURTH ' NTYPE9 AAA$ BOB, CCC. DDD

- COMMON/FIFTH/TITLE. HEVKH9 HEVK9 HEF. BGi SOAR.

1 MOVER* CFREO, RPS19 AKH
* C FIRST DATA CARD 1,,- TITLE CARD' ALL 80 SPACE', ARE READ

READ 99 TITLE
9 FORMAT (10A8)

READ 10. W-CSECs Go ROE. We ZGB

C N.ý-ý'C c NUMBER OF SECTIONS
C G a ACCEI-ERA1IICO OF GPAVITY (FT/SFC**2)
C ROE x DENSITY OF FLUID (LB-SEC-*-'x/FT**4)
C W a '4F!GHT fl MODFL (1 B)
C ZGB a POSITION4 OF CENTER OF GRAVITY M4EASURED FROM BASE (FT)

VOL = W/(ROE*G)
C VOL a DISPLA(Er VOLUME REQUIRED BY ARCHIMEDES (FT**3)
C LIMIT PROGRAP' 10 8 SErTIONS

DO 25 I = It NOSEr
READ 24' NO(SECT(I)f NTYPE(I)9 AZ(I+1l.AAA(I!9BBB(II.CCC(1) 9DrD(I)

24 FORM-AT (2110, SF10.4)
At4OM(I) =0.0

2S CONTINUE
C NOQSECT1I) s NUMBER OF EACH SECTION BEGINNINu AT Tft BASE
C NTYPE aA NUMBER CLASSIFYING THE TYPE Or SECTION
C TYPE ¶ PIGHT CIRCULAR CYLINDER R(Zi s CONSTANT

TYPE ,=r-ONICAL SEGMFNT RIZ) = LINEARLY VARYING FUNCTION
C TYPF 3 = HFMI-SPHERIrAL FN)
C TYPF 4 =rLLTPTICAL r~
C TYPF 5 =ARRYTRARY 3R'n ORTDrR FN!) R(Z) v A*Z**l + R*Z**2 C*Z+
C AZ(I+1) DISTANCE FROM THE BASE To THE END OF SECTION I

3 ~ AZ(1) = 3.)ý
TOTVOL = '.
H 0Oo
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30 JOE =NTYPr(
A AAA()

C = CCC(1)
D = DDD(1)
GO TO (720. 7,19 722, 7239 724)9 JOE

720 CALL CYLIND
C SUBROUTINE CYL;ND YIELDS VOLU;ME, MOMENT OF VOLUME, DRAFT AND VERTICAL
C PRISMATIC COEFFICIENT OF A CIRCULAR CYLINDER

C A a RADIUS, B f C = D = 0
GO TC 725

721 CALL CONF
C SUBROUTINE CONL YIELDS VOLUME9 MOMENT OF VCLUME. DRAFT AND VERTICAL
C PRISMATIC COFFICIENT OF A RIGHT CIRCULAR CONE
C RADIUS a A*(ZB-AZ(I)) + R
C A a SLOPE OF RADIWS VS. Z LINE
C 6 = RADIUS AT AZ(I)v C = D = 0

GO TO 725
722 CALL HEM!

C SUBROUTINE HEAl YIELDcý VOLUME, MOMENT OF VOLUME, DRAFT AND VERTICAL
C PRISMATIC COEFFICIENT OF A HEMi-SPHERICAL END
C A = RADIUS9 B a C = D = 0

GO TO 725
723 CALL ELLIP

C SUBROUTINE ELLIP YIELnS VOLUME, MOMENT OF VOLUME, DRAFT AND VERTICAL
C PRISMATIC COEFFICIENT OF A 112 FLLIPTICAL ENt
C A s MAJOR AXI - VERTICAL, F = MINOR AXIS - HORIZONTAL, C = D C C

GO TO 725
724 CALL THRDOR

C SUBROUTINE THRDOR YIELDS VOLUME9 MOMENT OF VOLUME, DRAFT AND VERTICAL
C PRISMATIC COEFFICIENT OF A THIRD ORDER END
C SHAPE f' END. R = A*Z**3 + B*Z7*2 + C*Z + C, WHERE D=O

725 ItFL - 1) 3C0 7269 300
726 CALL EXIT
300 RFAD 301, K
301 FORMAT (110)

C K = THE NUMBER OF DIFFEPENT KHoS TO BE READ
NOSEC - I

READ 3029 (AK'j(.)i I m 19K)
302 FORMAT (8F1O.4)

C AKH = KH = NON - ')IMENSIO*IAL NUMBER K*H
DO 13 1 :9; K
AK(1) = I<H(lI/H

13 CFREO(I) = (G*AK(I))**0.5/(2.0*3.14j59)
C AK(I) = AW - K = OMEGA**2/G = WAVE NUMBER

727 CONTINUE
PRINT 7# TITLF

7 FORMAT (1Hi. 1H NEWMAN SECTION CALCULATIONS * 10A8/11
ZG = ZGB -H

PI - 0.0
P? a 0,0
DO 303 1 = 1K
00(1) = 0.0

303 01(1) = 0.0
304 Ia 1
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3V5 IF (I - NOSEC) 3069 3069 360
306 JOHN NTYP1(I)

A z AAAU)
B = BBB(I)

C = CCC(1)
D D DD(I}

IF (AZ(I+1i - H) 109, 309, 307
307 PRINT 308
3U; FORMAT (42H TOUGH LUCK YOUR AZ(I+1) IS GREATER THAN Ht

CALL EXIT
309 GO TO (7109 731v 73?, 733, 734)9 JOHN
730 CALL PQCYL

C SUBROUTINE PQCYL YiELnS P19 P29 QO(N)p 01(N)t (N = 19 K) CIRCULAR
C SECTIC'N

GO TO 3UQ
731 CALL PQCC

C SUBROUTINE Plf'N YIELmS Pl ?2, 00(N), QI(N)t (N = 19 K) FOR A RIGHT

C CIRCULAR CONICAL SECTICN
GO TO 305

732 CALL PQHSPH
C SUBROUTINE PQH.PH YIELDS P19 P29 OO(N), QI(N), (N 3 1, K) FOR A
C HEMI-tPHERICAL END

GO TO 3ýJ5
733 CALL POELL

C SUBROUTINE POELL YIELDS P19 P29 Q0(N), QI(N), (N 1s K) FOR A 1/2
C ELLIPTICAL FNfl

GO TO :05
734 CALL PQTHRD

C SUBROUTINE P0THRD YIELDS P19 P29 00(N)9 01(N), (N z 1' K) FOR A THIRD
C ORDER END

GO TO 3C5
360 CONTINUE

RFAD 3619 AR
361 FORMAT (F1O.41

C AR = PADIUS OF GYRATION = (I/M)**O.5 (FT) ACTUAL MASS
READ 369, MOVF, "OVER

369 FORMAT (2110)
C IF WOVE = I SILVE DAMPED EQUATIONS
C IF MOVE = 2 SOLVE UNDAMFED EQUATIONS (DAMPING IK HEAVE ONLY)
C IF MOVE = 3 SOLVE BOTH DAMPED AND UNDAMPED EQUATIONS
C IF MOVER = 0 ONLY PERFORM NEWMAN CALCULATIONS
C IF MOVER = 1 ONLY PERFORM RUDNICK CALCULATIONS
C IF MOVER = 2 (OR GREATER, PFRFORM NEWMAN AND RUDNICK rALCULATIONS

IF (MOVER - 1) 3709 321 370
370 CONT!NUE

C ADD IS TK:E RA-IO RETWEEN REAL MASS AND TOTAL MASS
C ADD = REAL MAcS /(REAL MASS + ADDED MASS i

RCAD 362, AnD

362 FORMAT(F1O.4)
DO 400 1 = I, K
AV, x AK(11

O()a 001?)-O =EGA (l )
OR = QI(f)
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IF (MOVF - 2) 7409 7419 742

740 CALL FODAMP
C SUBROUTINF PQoDMP SOLVrS THF nAHPPr) FQOATIONS OF MOTICN (48)9 (49), (50) ON

c PAGE 16 OF NrWMAN, ,THV: mOTIONS OF A SPAR BUOY IN REGULAR WAVES#
GO TO 400

741 CALL FQUNDM

C SUBROUTINE F3UNDM SOLVFS TH7 UNDAMPED EQUATIONS OF MOTION (340, (35)v (36)
C ON PAGE 13 OF NFWMAN, #THE MOTIONS OF A SPAR BUOY IN REGULAR WAVES'

GO TO 400
742 CALL FODAMP

CALL EQUNOM
40C CONTINUE

32 CONTINUE
C THE FOLLOWING IS ý! ATTEMPI TO ARRANGE A NEAT PRINT OUT OF INFORMATION

PRINT 41C, TITLE
410 FORMAT (IH1. 17H MODEL CHARACTERISTICS * IOA8///)

PRINT 31, NOSEC

31 FORMAT (21H N"MBEP OF SECTIONS = 110///)
PRINT 41!, H

411 FORMAT (1 H hf:AFT = F1O.49 6H FT/I/)
WTON = W/2240.0
PRINT 339 Wo WTON

330FORMAf (11H WEIC-W = F12*4, 6H LB5X3H = FI?o4t 4X9HLONG TONS/I
1 /1

PRINT 34. VOL
34 FORMAT (21f DISPLACFr) VOLUME = F20.41 9H FT**1II//

PRINT 409, CHI
409 FORMAT (4OH VERTIrAL PRISMATIC COEFFICIENT n CHI v FIO,4/1/)

PRINT 359 ZGR
350FORMAT (43H HEIGHT OF CENTER OF GRAVITY ABOVE BASE a F10,49

1 6H FT,!/)
TOTMOM = 0.0
DO 38 I = 1I .JOSE-

38 TOTMOM = !(TMOM + AMOM(I)
RCR = TOTM(,M/VOL
PRINT 36, PC9

360FORMAT (44H HEIGHT OF CENTER OF BUOYANCY AdOVE BASE a F10.*4
1 6H FTI//)

PRINT 416, AR
4160FORMAT (37H RADIUS OF GYRATION (ACTUAL MASS) = F12.89 64 FT

I iII)
PRINT 418 -

41BOFORMAT (43H R;U4 OF GYRATION (DISPLACED MASS) =
6 H FT,*//)

PRINT 200, AR:,

2000FORMAT (45H RADIUS OF GYRATION ABOUT C (ACTUAL MASS; F12oB9
1 6H FT///)

PRINT 379 ROE
37 FORMAT (21H DENSITY OF FLUID = FIO.4. 19H LB-SEC**2/FT**4///)

PR!NT 399 G
3o FORMAT (23H ACCrRATION OF GRAVITY = FIOo4i 1lH FTISEC**2///)

IF {MOVFR-1) 419 800940

40 CONTINUF
PRINT 419 TITLC

41 FORMAT (iHI, ,3H NEW-MAN RESONANT FREOUENC!ES * 10IA8111/ )



Ii 56

PRINT 42
42 FORMAT (161' HEAVE RESONANCE//)

HFVKH a1.U/CHI

HEVK =HEVKH/H

HFF (HEVK*G)**0o5/(290*3o14'59)
PRINT 43, HEV!:Pg HEVK9 HEF

430FORMA-1 (7H KH- = F10.49 1OX6H K =F1Oet- 8H FT**-l lox

1 6H F a F10.At, 5H CPS////)
IF (P) 7944 4

* -44 PRINT 45
45 FORMAT (40H THERE IS NO RESONANCE IN PITCH OR SURGE)

VG GTO 417
47 PRINT 48

* 48 FORMAT (26H PITCH AND SURGE RESONANCE//
PITKH =P1*HI(P2 + AR**2 - 0,5*Pl**2ý
PITKr PITKFH/H
PTTF =(PITK*G)**05.5f,I20*3,I4159)
PRINT 499 P!ATKH, PITK. PITF

490) FORMAT (7H KH =F1O*4, I0v,6H K FlP104s RH FT**1 l1OX

1 6H F = F10.4, 5H CPS)1! PRINT 401t TITLE
4U1 FORMAT (IH193'IH NEWMAN MODEL Pt 0 VALUES * JOA8///)
417 PRINT 412i, Pi, P2
412 FORMAI (1X6H PI1 F10.4. 11H P2 = F10.4///)

PRINT 413
413 FORMAT (6X4H VH 5X3H K 3X1IH FRFEQ (CPS' 7X7P- 00(K) 7X6iH 01(K)///)

4DO 0415 1 =1It K
* PRINT 41'' AKH(I)* AK(I)o CFREQ(I)g 00(1), 01(l)

414 FORMAT (ru2 2P10.4, !Fl5o4/)
415 CONTINUE

GO TO (420* 4309 420)9 MOVE
420 PRINT 4219 TI-LE
421 FORMAT (lHi. 17H NFWMAN DAMP~n MOTIONS *1CA8///)

PRINT 422
422OFORMAT(7X,* KH*97X,* K*92X,* FREQUENCY (CP.S)* 1X#* '4AG ZETAl/A*9

13X9* NAG ZETA-/A*93X9* MAC, XI/Ag*,2X.* PS:/KA*,&Xt* PhA:E LAG*///)
DO 424 1 = 1. K

PRINT ',23'IKti(I)' AK()t CPREQ'I)v ZETA1(I) -ETA2(1)9 XI(Il,I 423 FORMAT (F10*29 F13,49 P11.4, 5X3F13o49 P12.4, F2294/)
424 CONTINUJE

PRTNT555
555 FORMAT(1H1,9*D IFFEPENT ARRA.SEV-ENT OF THE RESULT FOR SPECTRAL ANAL

666 ORKT(794 H*9X9*K*9X9*FREQUENCY (CPS)*,5 Xt* ZETA3*,13X9* X

30IF (MOVE - 1) 4409 4409 4'20
30PRINT 4319 TITLE

431 FORMAT (IHi. 29H NEWMAN UNDAMPFD MOTIONS * 1AS//)
PRINT 432

4320FORM4AT (7X2HKH 7XlHK 8X17HFREQUENCY ;CPS) 4X1OHMAG ZETA/A 6X



P40RCNTINUE

5I F')RMAV CIII ) /

CILPRENT 4309MAKE(~ ARE(SUR CALCULATION FORTAI~ BUOYjqUN
C3 IFOLRMAT !FC1 2 F L~R D N1OTs MAE RESUE ALULTINSFOBO
504 CALLTINUE~

600 CONTINUE

IF (LOVRE -i 9)00, 6f009 800

C IFTATEINS x3~ 0 90JF PRARE FORLCULNTCKNCALFULATUON

54CALL PRS~'O
C SUBROULTIPE PRZOTA COMPUTES POTIOSSR OFNH BUJOY USTN RUCTINS MPETHOID

900 CONTINUE

P0RCNINT 8L
85 SAFOMAýTS 5 U-Il 9nH rPING COEFFUDICIENT///)TTON

850 860. 1 = 1.

C DABOUIN IRSO DA YINGCELFS WUDITHOUT AT RQUNIEO THE ABDDOAS

C SUAMPUIN ISATCMUESMTOSO THE DAMPN CUEFNG WITHIC ADDEHMAS

860 CONTINUE

SPRRIUTIN 8 Y-!S

PRINT ,TI OFICETO ACýJARCLNE

86FRMADIUSH 7XH CX7FEQEC ;CS 8X4H)MPN 0OF

50 A860 31 =159*AK

S'JBVOL =W AKFE*(AZ(I+1 )*o)*-A(1fl I*K()*01)*p

T(*OTVO TjTVOL + SURVOL7
DMIF(VO=L - TT4') 60. 2' 5

ENID



51 AMOM( I) =(O.5*!AZ( I + 1) AZ( I)) + AZ( I) *SUPVOL

RE TURN
52 H = AZ(1+1)

AMOM(i) = (O.5*(AZ(I + 1) - AZ(1)) + AZ(Ifl*SUBVOL
CHI a W/(G*ROF*H*AREA)
L = 2
RETURN

6C- TOTVOL = TDTV'-)L - SURVOL
HH(I) = (VOL - YOTVOLJ/AREA
AMOM(I) =(0*5*HH(l) + AZ(I))*3e14159*A**?*HH(I)
H - AZ(Il + HH(I)
CHI a W/fV;*ROE*!i*AREA)
AZ(1+1) =H
L = 2
RETURN
END

SIJBROUTINF COI4F
COMMON/FIR3jT/Av B' Co D' It Lq SUBVOL' AREA, TOTVOL9 VOL9 H' CH1'
1Wo G9 ROE* SO, AZv AMOM, HH

DIMENSION fZ(9)9 A'1OM*8)9 HH(8)
C SUBROUTINE CCNIt YIELDS VOLUMES MOMENT OF VOLUME, DRAFT AND VERTICAL
c PRI!4ATIC COEFFICIENT OF A R1GHT CIRCULAR CONE
C RADIUJS a A*(Z3.-A-7hi + R
C A a SLOPE OF RADIIuS 'Ico Z LINE
C B a RADIUS AT AZ(j)t n f = 0

1000SUBVOL = 3,14,59*(((A**2)/3,0'*(AZ(1+1)-AVý1)l**3 + A*R*

1 (AZ(14-1)..AZ(1)1**2 + (B**2)*(AZ(1+1',-AZ(I)))
TOTVOL = TCTVOL + SUSVOL
DIS = AZ(141) - AZ(II)
IF (VOL -TOTVOL) 1109 1029 10~1

1OlOAMOM(I) =L.IS*U(B**? + 2,O*R*(R + A*I)IS) + 3eO*(R + A*nlIS)**2)/
1 (4.fl*(R**2 + 9*(R + A*nIS) + (R + b*r)IS)**2)fl*S-UcVOL
2 + AZ(I)*-UBVOL

L 0
R-ETURN

1',^7 4 = AZ(1+1)
AMOM!!) = DIS*((B**2 + 2oO*R*iR + A4DIS) 4 3oO*(B + A*DIS)**2)/ I

I (4,0*(R**? + IR*(P + A*r)TS) + (R~ + A*r)IS)**?)fl*S'URVOL
2 + AZ(I)*ceUPV0L

SO =3.'14159*(A*(aZfI+1)-AZ(I)) + R)**2
CHI = 4I(G*ROE*I-*c0!
L = 2
RETURN

110 TOTVOL = TOTVOL - SURVOL

HI4(I) = ((R/A**3) + 3eO*:VOL-TOTVOL)/(3,l14159*A**2) )**(1.O/3,O)
DIS = HH(I) - AZ-%:)
SURVOL = 45*((*?)l0*nS* + A*R*flIS**7 + Q**P*T)J5)
AMOM(I) DIS*((rI**7? + 2.0*IQ*(P4 A*0IS) + 3.O*(8 +- A*nIMS)**2)/

(4fo*(8**2 + 4*uR + A*DIS) + (R + A*r)!S)**2)l)*SUpVOL
2 +AZ(I)*qUBVOLI

H z AZ(I) +H1II!)



)=3.1415q*rA*H4H(1) +R8)**2
A1 W/(ril.ROc*H*tzo)

'TURN
ID

iBROUTINE HF-1I
)MMON/FIRST/At r,$ Co Do 19 L- SUBVOL, AREA* TOTVOL, VOL9 H9 CHI*

wo Co ROF% $0, AZv AbIOM. HH
'W'NSION AZ(9). Af4O.&A(q)q 14(R)
JTINE HEMI YIELDe, VOLU~ME9 MOM'ENT OF VOLUME, DRAFT AN-D VERTICAL

PRIS'-IATIC COFFFICIENT OF A HEMI1-SPHERlCAL END
ýiDIUS9 9 = C =D= 0
HJBVOL = 2 .013*01*lI4159*A**3

)T(,= TOTVOL + SU93VOL
V,-- TOTVOL) 1519 155, 160

i)RM¶AT ( CaSH PPIGRAM INADEOUATF To FIND DEPTH OF A HEMI-SPHERE)

i.TURN

ýiOM(Il = (5.-1./8.Cfl*A*SUBVOL
i) =39lt!59*H~**2

=2

'TURN
40'4(l) =(5.~,/s.nv*&*lSURVOL

I +1
=0

-TURN
4D

iRROUTINC ELLIn
)MMON/FIR.T/~, 99 Co Do 1. Ls SURVOL9 AREA, TOTVOL. VOL# Hp CHIPx

Wy Cs. ROF, SO, AZ, AMOM, 4H
M4ENSIOf AZ(919 &MO'M(8)o HHIRf
JTINE ELL:P Y!EL')S VOLUMIE. MOMENT OF VOLUME. DRAFT AND VERTICAL

PRISMATIC COFFFICIENT OF A 112 ELLIPTICAL END
iIJOR AXIS - VCRTICAL, 8 a MINOR AXI5 - .4ORIZONTAL, C a 0 w 0
ilV0L = (*.0,,3.3)*3.141.59*P*A**2
ýTVOL = TOTVJL + ';UQVOL
:(VOL - TOTVOLI 2rl* 205, 210
'INT ?j~l
IRMAT (5Xr2riPRC~tAM. INADEQUATE TO FIND~ DEPTH OF ELLIPTICAL SHAPE)

TURN
=A/2,C

*0t(J = 5.n/8.(O)*(A/2e0,*SUPVOL
ý= 3,14159*(R/2.3,.h.2
it W /(r;*ROr'*H*PO)

TURN
0,411) (5.n/8-0)*(A/2-0,*5URVOL

+ -
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L=
VI RF TURNp. END

St'IJRROUTflNF THflDOR

COMMONIFIR3)T/,. Ht C9 Do 19 Lt SUBVOL9 AREA, TOTVOLs VOL9 H9 CHI'
1 W9 G9 ROE, SO, AZ# AMOM, HH

DIMENS!ON tZ(9)9 AMOM!S)g HH(8)

C SUBROUTINE TFID~OR YIELDS VOLUME, MOMFPNT OF VOLUMrt DRAFT AND VERTICAL
C PRI!4ATI'- COrFFICIFNIT OF t THIRD ORDER ENDIIC 3HAPE OF FNr,, R =A*Z**3 + R*** + C*Z + D WHFRE fluO

250 Z = AZI).')
SUAVOL = A1li59*L**3*(C**2/1,O + Z*(B*C + Z*((?.O*A*r + B**2)
1 +Z*(I,*Q,3e0 + Z*A**2/7.tPfl))

~1 T14RDM = 3.141,>9*Z**4*(C**2/4. + Z*f?.o*8*C/5.0 + Z*((2,0*A*C + B**2.
1 ~2)/6.1 + Z*(-,*O*A*8/7*0 4 Z*A**2/89Of)))

z TOTVOL T= T(.JVL + SURVOL
IF (VOL - 'VOrL) 251, 2559 260

pit 251 PRINT 252
II~25? FORMAT C(,X5IHPROC(PAM INAnFOUATF TO FIND DFPTH OF 3Rn ORDFR SHAPE)

L =1
II ~ RETURN

a 255 H =AZ i+1)
SO =3*141r-9*(A*AL(1+1)**l + R*AZII+1)**P + C*AZ(I+1fl**P
CHI =W/U;*ROE*H*CO)
AMOM(IM THR!)-.
L =72
RFTURN

260 AMOM(I) =THRDM

I 11+ 1
L J
RFTURN

ij END

SUJBROUT INE POCYL
COMMON/FIRSi/A9 B9 C9 Dq It Lt SUBVOL9 AREA* TOTVOL, VOL, Hs CH1,B1  1 Wt (9 ROF, S09 AZ, AMOM, HH
COMMON/SF(-ON 1),BB% Z19 Z0, P119 P1' ZG9 P229 P2, N, K, AW, AB, AA,
1f.A Z: AK, G000' Q00 U119 01

COMMON/FIFTH!TITLE.k HEVKH9 HEVK9 HEF9 BG, SQAR9
1 MOVER, CFRFQ, PPS19 AKH
DIESINAZ(9)t MM(~ HH(8)

DIMENSION AK(50)? 00OO(iCt 00(;0)9 01(5;,0(50)
DIMFNSIrON rFRrG-ln~l- -PI;0' AKH(50

DIMENION I~sF(10)
C SuR =IEPC' 'En P19 P29 090(N's GI(N;, (N 1'l K) FOR A CIRCULAR

RR= ARFI*ROE*G/W
Z1 AZ(I+:) -H

ZO= AZ(I) -H

F-i1 =~(.*(1* ZO**2) - ZG*(ZI - ZO))

P-2 9'(Z.*3-A ZC**-Aj!,0 - (Ll**2 - ZO**?)*ZG +(ZI -ZO)*Z 3-**21
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P2 = P2 *P22

Ic(I - 1) 7029 7fTh) 700

*'700 PRINIT 70,
V% 1( P0R*'ATC1Hln
7^2 0c0.NT 311, 1
? 11 FORMAT (2)H CYLIN-%RICAL SECT10:4 NJMBFR 110//)

PRINT 315,- Pi, Pli

315 FORMAT (6H P1 F1O.4, 11H P41 = F1O.4)
PRIN~T 31ft P2v P27

316 FORMAT (eH P2 = FiO,4, 11H P22= D,//
10O 319 N = 1

A,= AK ONI

1-0() =(R~l/,.)*(rXP(AW*Zl) -FXP Aý,*Zo))
-j(% + 000O(N)

C~L)= (=;c/IW)*(FXP(Avn4Zl)*(Z1 .,'. ZG) - XP(AW*ZC)*
1 (io - 1.vm/4W- ZGfl

= §1(*) + Gvl(N)
PR9INT 314, AKP:(N)o AW* CFRPO(N)

314-FOR'AT (5X6H KH = Fln.4, rX5H K F 10*41 84 FT**..1 5X
13'4 Fl;3vIcN'CY = -10.49 5H 'ZPS)

::TINT 317, No Qvi(%1), -00(N)
-317 -'R!-Ai i5l-~ 15113H 00(N) = FlOa4il4w COO(N) =F1O.4)I PRINT 316t N, 31(N), 011 fN)
318 FORMAT (54 N = 15913H 01(N) = F10*4'l4H- 011(N) - F10*4//)

j19 Cr),\'T INUE

'Z 'PROUTINIE POQCON
C0Mr4ON/FjsR.T/A* -39 Co Do 19 L9 SU9VOL. AR,!.-, TOTiC., VOL9 H. CHIV

l W9 GT ROE, SO, AZ, AMOM, HH
COMMON/S~rONr),/B, Z19 ZO, P119 P19 ZG* P22, P2v N, K9 AWO AB. AA,

1CA, Z9 AK, G000, 009 011, 01
CO'v¶NON/FIFTH/TITLE* HEVKH9 HEVKv HEF, ýýGs SUAR9
1 t*-OvrR, CFRcO, RPS!, A'(H
)IMENSION AZ(9,9 AMOM(8, HH(8)
DIMENSION AK(50)9 OO0(50), 00(50i. G!JUr0h% ý1(5O'.

DIMENSION CFRCE(J(50)9 RPSI45O)o AKH(50.r ~DIMENSI0O" TITLE (10)
C SURRO1JT!Nr POCON YVI-L-S Pi P2, 00(N), G1(N)t ct- z. it OR A RJGHT
c CIRCULAR CONICAL SECTION

320 Zn =AZII) - H
71 = AZ(1+1) -H

AQ = 31 + 1*(H AZ('&))
RQ= 3914159*RO07*G/W

frfl = D,*(A**,>*IZI**4 - ZO**4)/4. + (7,0*A*AIP - A**2*ZG,)*
I (Zlf-3 - Zu**I)/I.0 4- (AP**2 - 7.0*4*AP~*ZrG)*(Zl**?-

2 Zj*42)/2,) - f-R**?*ZG*(Zl - Z)
Dl=P1 + P1

ZO**A!-S* + 1*O*(A*AR - 4**r)(l*

I Z')*t4)/ý0 + (AF4**2 - 4,0*A*AIq*ZG + i*?7~*)

2 (Z1**3z - Zji**3)Il,0 + 2.(0*(h*AQ*Z(;**2 AQ**2*ZCII*(Zl**2
37 0. + IAQ**2*ZC-**2*(ZI -O)

02 Pr' + P22
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Iý(l - 1) 712,717,710
710 PRINT 711
711 FORMAT (IHI)
712 PRINT 3219 I
321 FORMAT (25H CJNICxL SFCTION NUMBER T10//)

PRINT 3239 P1, P1'
323 FORMAT (6H P1 = F10.49 11H P31 = F1Oo4)

PRINT 3259 P2, P2,
325 FORMAT (6H P2 = F1O.4, IIH P;2 = FlOo4///)

DO 329 N = 1, K
AW = AKIN)
FRINT 324. AKP(N)g Awt C-CRrO(N)

3240FORMAT (5X6H- vH = F1Oe4t 5X5H K( = F1O.4, 8H FT**-1 5X
13H FREOI'!ENCY F10,49 5H CPS/)

O-,O(N) = (ctn/AW)*(cXP(Aa4Z1)*(A**2*(Z1**c2 - (?.O0/AW**?2*(AW*Z1
1 1.0,)) + (?oO*A*AR/AW)*(AW*Z1 - 1.0) + AR**Z) -

2 EP(A*Z!*(A*7-(ZO*/-- (2.O/AW**2)*(AW*ZO - 1.0)) +

3 (2?:C*A*A--/.W)*(AW*ZC - 1.0) + Am**?))
ln(N =O0(N) + Onn'(N)

011(N) =(9R/AA)*(PXP(AW*Zt)*(A**?*(Zl**I - I,.*Zl**7/AW +(6,0/
1 AW*#,2)*(AW*Zi - 1.0)) + (2oO*A*AR - -*7Z)(I*

2 (2.O/AW**2)*(AW*Zl 1.0)) + (AP**2 - 2.0*A*AD*ZG)*
i (AW*7j - I.'n)/AW - AP**7*ZG) - PXP(AW*Z0)*(A**2*(Z0**l

4 3,0*Z0**2 /At.ý + (6.0/A4**3)*(AW*ZO - 1,0)) + (2,0*A4,,AB
S - A**2*Z4V.*(Z0**2 - (p,0/AW***'*(A4*Z0 - 1.0)) + * Q*

6 - ;?. )*A*;.9*Zr)*;AW*ZC - 1.0)/AW - A*27)
01(N) = 01(N) + 011(N)
PRINT 326' N, 0c(N)o 000(N)

326 FORMAT (5H N = 15911H 00(N) = FIO.4,14H 000(N) = F10,4)
PRINT 3279 Ng 01(N), Q11(N)

327 FORMAT (5H N - 15913H WI(N) =F1O.4,14H 011(N) = F1O*4//)
329 CONTINUF

I1= I+
RFTURN
END

SUB8ROUTINE PQHSPH
COMMON/FIRET/Ag B' C9 D9 It' Lt SUBVOLP AREA, TOTVOLv VOL9 H' CH19

1W, r-7 ROE, SO, AZ, AMOM, NH
C0MMcN/SEC(%4D/aB, Z1, Z09 P11, P1' ZG9 P229 P2, N, K. AW, A89 AA,

1CA, Z. AK, G000 Q00, 011, 01
CO.MMON/FIFTH/TITLF* HEVKH, HEVK9 HEF, 8G9 SOAR#

I )4OVCR, CFRPO, RPqI9 AKH
DIMAENSION AZ(9), al'OM(8), HH(8)
D!MENSION AK(501, 000(50), 00(50)9 011(50)-j 01(50)
DIMENSION CFRcG(50), RPSI(50), AKH(50)
DIMENSION TITLE (10)

C SUBROUTINE POHSPH YIEL-DS Pit P29 00(N)q 01(N), IN = 1' K) FOR A
C HEMI-SPHERIC'AL PND)

330 R =A

9a 3*14159*ROr*G/W
AA =R - H - 7G

P r =n*(2,0*AA*P**3/3.0 - R**4/4*0)
=l Pi + P11

P2= qq*(-R**5/5.O+2.O*AA*R**4/4eO + (R**2 -AA*?2)*R**i/i.O
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PRINT 331s P1 2

323 FORMAT ((A P2 = F10*49 11H Pl2 = F10.4//)

DO 339 N = 1. K
AW =AK(N)
PRINT 33?, AK'l(N)v AW, C'FHEQUql)

332,JFORMAT (5XI4 vH = P10.4# 5X5H K = F1O.40 8H FT**-1 SX
1 13H FkEQIIENCY = P10.4, 5HJ CPS/)
0OU((N) =(PR*FrXP(-AW*H)/AW,*(F:XP(,AW*R)*(R**,.- - 2*0/AW**21 4. (2,0/
1 AW**2,*(otw*R + 1.0))

(.11(N' (9*X(A*)A)(FPA*)i./W* - P.0*AA/ftW**2
I -R**2'/AWd + AAR*)- R**l - 30O*(R**P/AW + (7.0/AW)*
2 ~(AW*R - 1.O)/AW) + AA*(R**2 + 2,0*(AW*R + 1*(%)/AW**?)

I3 R**?*(Aw*R + 1.0)/AW - AA*R**2)
PRINT 3339 No G00N~o G00(N)

333 FORMAT (5Ht- N =15913H 00(N) = F1O.4*14H 000(N) - P10.4)
PRINT 3349 No Q1(N), 011(N)

334 FORMAT (5H N =15,13H 019N) F10*4914H 011(N) = P10.4/I)
339 CONTINUE

RPTURN
END

SIUBROUTINE POELL
COMMON/FIRST/s, B' C9 Do 1* Lv SUBVOL, AREA, TOTVOL, VOL% H9 CH1'
1 Ws Go ROr, SO* AZ. AMOM, HH
COMMON/SECONDBB9 Z1, Z0-, P11' P19 ZG9 i;229 02, N, K, AW. A89 AA,

I CA# ?o AK, Q000 009 0119 01
COMMON/PIFTH/'rITLFC, HEVKH, HEVKv HEFp BG, SOAR,
1 MOVER, C.-RFQv RPSI, AKH
DIMENSION AZ('u), AM40M(8) 1*(8)
DIMENSION AFK(50)9 000(50), 00(50)9 011(50), 01(50)
DIMENSION CPREQ(50), RPSI(501, AKH(50)

C SUI9ROUTINE POELL vIELrnS P19 P29 00(N)v 01(N), (N = 1' K) FOR A 1/2

FORMATP(4'EIPCL ENENNERD1/

Pll = 'ip*CAI*((AA**5 - H**)/5.0 - (2.*(H** - AA*4/2.0/30* 3 AA

1 *3 (H**2 -N*A *LA* - H,*A*ZG)/30* 2.0**2 -AA)1*04 H*4/.2 -(**2 H*A*ZG*/2*0

II=p ~
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3 - ~*2/*)+ Zr*~*?*H**? - PA t/,1
P? P2 + 02'

PRINT 323s Pl, P11

PRINT 32!9 P2% P2,

325 F0Rt4AT (f H P2 = P1.49 !I P22 = F 10.*4///)
)0 349 N=i
AW = AK(I-8

PRINT 3429 A'QI(NI)tA,# rcR~cN(?-F3420FORMAT (9X6H rH = 1).~4, :X5w- 'K r11,49' 8H FT**-i rx
1 13H rRF70':FENCY = rlo* 4 , 1 cpsJ ~ /)
CXvO(N) = (Fý*CA/A%)*(CXP(AW*(..w & p/2oC))*(-AA**2 + (?.O/AoW*2)*
I (AW*AA + 1.^)*IAft - 1.0) - ;I**-, + H*A) + 4- I-*A)

2 (2*0*w** 2 + 70A*2*Aa- - .*A ,) LA)

0;N)= Q. (N)J + WQ9

I ~ 1*, - .1*& -Zr,*cAa**2 +

I 4A)*foW*AA - ./.- f(~*?-H*h)l +
4 (~.* *-a*I~-~***z+ +.Q>/*O3
'3 (A-Z4*rJ* + ?.5)*(A-*& +--

6 ~H*A -?*2*)*A* + .!/XI ZG*14**2 - N4 A)))

PRINT 343, 4,OAN.2-.
343 FORMAT (5-1 N IS91-I. DO(NqJ = r!0.4. 14H 000(%-) =Fl0.4)

PRINT 144, No 0.1 P!), ')II
344 F')RvAT (~ 1), = Pr-,I3'- 01(") = F120. 4 9IW4~ O!I(N) F1Oe4//)
349 C0NTTNL;F

I = TI +I
RETURN
ENr)

SIJRROUTlr4,r PQTHRrO
COMMON/F!RST/A, ri Cs D. 19 Ls SU'3VOL, AREA, TOTVOL, VOL. Hs CH19

. W9 NG9 ROE. S0, AZ, AMOM, iHH
COMMON/zýECOND/B89 L19 ZOv P119 P1' ZG9 P??' P2, N, Ks Awo A89 AA.
1CAs Zs AV* Q'009 009 w11. Cl

COMMON/I-IFTH/TITLE, HE;V<Hg1. HEV(. 1-IFF RG. SQ)AR.
1 giVER, CFREU,9 RDS!,-; AKH

DIMENSION AZ(9,. A.MOM(B), ;.4P(P)

DIMEN$;ION~ CFRPO(EjQ, RPSIUSGq AKCI-(5n)

DIMFNSION TTTLc (fi)
C SL4RROUTTINE PC-THR!, YIEIDS P1. P2' 0() 01(f0. (N it Y) FOP A THIRD)
c OR',-[ R Ffi

35u AA = ZG + H
Z = AZ(1+1)

I i = 3,14j59*RtOc*r/W
PI11 0*7**1z-(Z*(e**2/4 0 +4 7*(7.0*n*rl/z;,O+ Z*((?.~*n**r 4.

I /6.'n + Z*(?.1*A*p,7.0 + 7*A**r/Q*))))

PI P1 '-P11

P- 2̀ + ~L*a~L*,(~,c Z*(n'-/3.0 + Z*((?,D*A*r + P1**2)
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1 /7,0 Zo*A*n/4,0 + Z*A**2/9.Of)) - 2s0* A*7*(C**2/4sO
2 + Z*(2,04*r*cso0 + Z*('2.O*A*C + R**2)/6.fl + z~'O

A*R/*0 . Z*A**7/8e0)))) + AA**?*(C**2 + *;rlV

4 + Z*((2*tA*A* + VR**2)/5,n + ?*(A*9/3,n + 7*A**?/7.C1)f))
P?= P2 + P22 4
PRINT 3239.l P1.'1i

323 FORMAT (6H P1 = FiO.4s 11W P11 = F10#4)
PRINT 3259 P2, P21)

325 FORM'AT (6H P2 =F1O.4* I1H P22 = FIO.4///)
Z =-H + AZ(I.4.)
f) 3S9 N = I. K
AVW a AKfN) '

ZI= EXP(.AW*L)*(AW*Z - 1*0)/AW**2
Z-l= (Z**>*EXP(AW*Z) - 2.0*Zl)/AW
Z3= (Z*3*E*FXP(AW*Z) - 3.0*Z2)/A4

Z4 a(Z**4*rEXP(AW*Z) - 4.O4Z3)/A4~
ZS=(Z**5*EXP(AW*Z) - 5.0*Z4)/AW

Z6s = (Z**4*FXP(Aw*Z) - 6*O*Z5)/AW
Z7 a (Z**7*PXP(AW*Z) - 7*0*Z6)/AW
PRINT 3529 AK.P(N)g AW9 CFREOQ(N)

3520FORMAT (5x6H KH' = F10e4# 5X5H K = F10*49 8H FT4**- 5X
1 13H PREQ:IENCY = F10,49 5H CPS/)

QCO(N) = 8B*(A**2*Z6 + 2oD*A*FS*Z5 + '2o0*A*C * R**2)*Z4
1 + 2.0*9*C*Zl + C**2*Z?)
00)(N) 0 Q.AN) + 000(N)
021 1(N) = R93*fp**7*Z7 + 2.O*A*P*Z6 + (2.0*A*C + P**?)*Zc 2-0

1 B*C*Z4 + C**-v*Z2 - ZC,*(A*12*Z6 + ,.0*A*R*ZS +-
7 (2eO*f*C + R**7)*Z4 + 2.fl*R*C*Z3 + C**?*Z7))

01(N) = Q1(N) + Oi1(N)
PRINT 352' N, 00(%)q O00(N)

353 FORMAT i5N N =159 13H OWNtJ = F1O.4914H 000(N) aF1O.4)

354 FORMAT (5H N 1= I13H 01(N) =F1O.4914H 011(N) =F1O*4//)

359 CONTINUE
I1+1
RFT!JRN

END

SIIBROUT INE EQ DAMP
C0MMON/FIR.ýT/A. B, C. D, 1, L, SUBVOL9 AREA. TOTVOL, VOL. Hs CHI,

r~ 1 o %. 7 ROP, SCJ, AZ. A?40M, HH, ADn)-
C0mm0N/SrrONDt5B9 Z19 Z0. P119 P1, ZG. P229 P2. N. K. AW. AB. AA.

1 CA. Z9 AK. 00.., 009 0119 Gl
CQMMON/THIRDQQ, OR. OMIEGA, AR. ZFTA9 PSI* X19 EPSIL0.

1 UNZETA9 IJNPSI, UNXI9 ZETA19 ZETA29 ZETA39 ZETA4v X139 PS13
DIM4EN.SION AZ(9). &'43M(8)9 HH(8)
DIMENSION AK(50), 000(50)q 00(50), 011(50)v 01(50)
)[¶EN3IO0N 4FrA(50J)v PS7(50). XT(50). FP5SILO(50)9 UNZFTA(50)9

1 UNPSI(5U.3. UNXI(50)
D!MEISION LETAI(50),ZETA2(50).ZFTA3I5o).ZETA4(50)
DIMENSION P512(50). X13(50)

C SUBROU-ITINE EOt-IAMP SOLVFS THE DAMPED EQUATIONS OF MOTION (48). (49)9 (50) ON
C PAGE 16 OF NEWMAN. @THE MOTIONS OF A SPAR BUOY IN REGULAR WAVES'

U'
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S 0,5*4*,w**3/(C3;ýRO?*OMFGA)
TT=WAW~i*T*?/,.*G*ROE*CH!*H)

1RI 5*(-2,0*PI*Q(j*uR + 2 *0*QR**?ý + r)7*UQ**? OQ**;?*p1/AW+

R?=Pl**) - ->..ý*(P2 - P1/AW + AR**-2)
R3 a 2*O'(2,Q*QR - Pi*00)

Wl S*(2.(* UQ*Q'R*0'4 - AR**2*(CYd**? Pi*0Q**?/A`% - PP*QQ**7 2.0
1*OR**?)

=2.U*('> - P1/AW + AR**2) - l7

Wl 2.0*((.IR*Pl - !(dQ*(AR**? + P7 - PI/AW))
C ZETAl 1S THE TýOL.JTIDN OF THE ED~. .ýITHOJT ADDED MASS

C LFTA2(I1) Io' T.Hgr zý3I.LTION OF TH-F FQJATION wAUTH AnDPr) MASS
Zc!Al( ii=T/(U1i**?+TT**2)***5
ZP~TA?(fl :AD9*Tl/W"**2+(A!)D*TT)**?)**.5

C PSI = 'wAGNITUDE OF PITCH AMPLITUDE/v*AVE SLOPE

PSIIII) =R3/(A.4*(P?**7 + Rl**?*OMrA**2)**0*cj)
C X! M.AGNITUDE OF SSJRGE A'wPLITULDEr/f.AVE AMPLITUDE

XT(I) =Aw1/(w-,**7 + **orr*2**s

XIII) = ARSXT(I))
ZFTA3( I)=(ZFTA2(I)*OMFGA**2)**2
XI3'I)=(XI(fl*OMrGA**2)**2

EPSILO( I =A#n
RFTURN
FNI)

SlJ8ROUT! J'F PQ' ~ý-
COMMON'FIW3T/A9 39 Cs Ds 19 Ls 3ýJLVOL' AREA9 TOT'VOL9 VOL, Hs Cills

h 1 Ct ROE, SO, AZ, AMOM, P
COMMON/ZACONDB39 iLIs LUs P119 P19 LG* P229 P29 No K9 A%'-.A6' AA.

ICA* 79 AK, 000, '09. Q119 01
COMMON/L-UlRD'QO,9 OR, OMEGA, AR9 ZETA, PSI, XJ, EPSIL09
1 UNZETAv 'lNPSI, UNXI

DIMENSION AZ~n), AMOY-(8)9 HH(A)
DIMENSION AK(50)9 QG0(50), 00150)9 011(50)' 01(50)
DIMENS-ION ZETAi50)9 PSIISO)'1 Xl(5t,.i FP-"'LO(50)0 UNZETA!50),

I JNPSI(50)9 UNXI(50)
C SUBROUTINE EUI'LiNDM ý>OLVFS THE %JNf)AMPFD EUUATIONS OF MOTION (34)' (35), (36)
C ON PACE 13OF NEWMAN, 'THE MOTIONS OF A SPAR BUOY IN REGULAR WAVESI

3815 'JNZETA(I) r(i.ý) - CH'*GQ*AW*H)/(1.0 - CHI*AW*H)
C UNZETA = JNDAA'4PFr MAGN~ITU-)E OF HEAVE AMPLITUDE/WAVE AMPLITUDE FI~Ik±JLA (34)

tjNPSYi) .- *n( 1 Q - 2,0*QR)/(AW*(2.(*i*P7O + AR**7 - PI/Al.) -

C JNPSI-1= UNDAvPLD vAGNITUDE OF PITCH AMPLITUDE/WAVE SLOPE FORMULA (36)
UNXI(I) =-2.O*(PI*0tR - QQ*(P2 + AR**2 -Pl/AWl!/(2*0*(P2 + AR**2rJ 1 -P1/Aw) - P)**2)

C UNXI = UNDAMPEI MaGNITUDE OF SURGIE AMlPLIT.jDE/wAVE- AMPLITUDE FORMULA i35)II R~TURN

StJRROUTINF PRrCALIiDIMENZ>ION L(5),q BoýR(8U)t PHEtIPO)g P(80)9 THETA(S)

G=3*1
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P1=3. 14159
RFAD109 R#DEL

*10 FORMAT(2F10.41
* RcADl9Lvf o

1 FORMAT(3110)
READ2,(THETA( 7),t1=1L)

READ2v(Z(J)9J=1,N¶)
* 003 1=19L

PR TNT177
77 FORMAT(1H1)

PRINT549THETA1i)
54 FORMAT(* TVE 'NGLE OF THE ORIENTATION a *PF7o5t* RADIANS*/)

904 J=19M
PRINT559 Z(J)

550FORMAT(/y3X9* THE DISTANCE FROM THE FREE SURFACE a *gF1O*5,* FEET*

D05 K=1#U
RKR8(j%=DFL*(FLOAT(K))
ALPA=COS(ThFTe,('))
fýAl?.,*9KR(K) uALP4
BtjNE=SCRT 1..+RAI**2)
AM=BKRfK1*l.(J)/R
P(K)=E-XP(AM)*qUNE
PHE(K)=ATAJ~tB~tl)

C P IS NON-DIMENSIONALIZED DYNAMIC PRESSURE=P/RHO*G*A
5 CONTINUF

PR!NT 1000
lv- 3O FORMAT(//15XNNO.*,IIX,*KR*912X,*P/RHO.GA*,9X,*PHASE ANGLE*/)

D0100 K=1,N
JvG PRINT999 K, 8'cR(K)* P(K), PHEMK
99 FORMAT(8X.I1O93F20.4/)
4 CONTINOE
3 CONTINUE

RrTURN

SUBROUTINE RRESON
COMMON/FIIST/at B' C' D' 19 Lt SUBVOL, AREA* TOTVOL, VOLE H9 CH19
1Wo G9 ROE, SO, AZ9 AMOM. 1*1

COMMON/SECOND/BB, Z19 Z09 P119 Pit ZGv P229 P29 Me K. AU, A89 AA9
1CA9 Zo AK, Of009 00, 0119 01

COMMON/F 'FTH/TITLE* HEVKH9 HEVK9 FEF, BG. SOAR9
1 MoVrRo CFREQ, RPSI, AKH
DIMENSION ',ZUl)) AMOM(8), HH(8)
DIMENSION CFR27Q(50)9 RPSI(50)t AKH(50)-
DIMENSION AW(!.)o 000(50), 00(50)9 011(50i, 01(50)
DIMENSION TITLE (10)

C SUBRlOUTINE RRESON YIELDS RUDNICK RESONANT FREQUENCIES FOR THE BUOY
PRINT 19 TITLF

1 FORMAT (JH1, 34H PUDNICK RESONANT FREQUENCIES * 1A8/////)
PRINT 3

3 FORMAT (16H HEAVE RES)NANCE-//)
PRINT 79 HEVKH. HEVK9 HEF

70FORMAT (7F. KH =F10*49 1OX6H K =F1O.49 8H FT**-l 1OX6H F
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1 FI13,4, 5H CPS////)
PRINT 10

10 FORMAT (16H PITCH RPSONANCF//)
PITK = Pl/(P2 + SUAR)
PTTKH =PITK*H
PITF = (PITK*G)**O.s/! ?*0*3. '4159)
PRINT 15, PIT<H9 PIT<., PITF

I50FORM1AT (7H KH =F1O*4# JOX6di K F10.49 8H FT**-l IOX6H- F
1 F1O.4, 5H CPS////)

PRINT 20
71FORM-AT ( 78H THERF IS NO SURGE R%:ONANCF)
RPTURN
END

SUIBROUTWE' RMOT
COMMON/FYK-T/~,t 9# Ct D9 Is L9 3>URVOL9 AREA, TOTVOL, VOL9 H9i CH1'1 Wo G'i ROE, SO, AZ, AMOM, HP
COMM4ON/SECONVABB9 Z19 ZOO P11, PI1' ZG9 P22 s P29 N, Kq A'h. A89 AA,

I CA, Z, A;:,9 0039 009 0119 01
COMMON/THIRD.'oo, QR, OVEGA9 AP9 ZETA, P-'I, Xj, EPSILOV

I UNZFTA* ''NPSI9 UNXI
COM'MON/FIFIH/TITLE, HEVKn, H-EVvK '-iEF9 869, SOAR,
1 MOVER, CFREPU, RPSI9 AKH
DIMENSION AZOU)# AMOM(8)9 HH(8)
DIMENSION IK(VO)9,)200(50). G0(50)9 (G11(5O), (U1(5O)DIMtENSION "ETA(50), P!1(50)9 Xf(5ý.,), FPSILO(50), UNZETA(5*3),

1 UNP-CTI5ifl, UNXI(50)
DI*4ENSIOIL CFREG(50), RPSI(50)9 AKH(50)
DIMENSION -ITLF (10)

C SUBROUTINE RwM0- COMPUTES MOTIONS OF TH1E BUOY USING RUDNICK METHOD
PRINT 19 rinsr

1 FORMAT (1H., 'IJH PUDNICFZ MOTIONS *10A8///)
PRINT 3

3OFORMATI t7X:4KH 7XiHK 8X17HFREGUENCY (CPS) 4X1OHMAG ZETA/A 6X1 9H MAC., XI/A 7X 'AOHMAG PSI/KCA///j
PRINT 5

5IFORMAT (5X5H ne,'i0 3X7H 090000 8X 7H 0.0000 13X7H 1.oor'e 8X
I 7H 1.300m. 8X7H-l.O00n/)
IF (MOVER - 1) 7, A'59 15

7 PRINT 8
8 FORMAT (35H EXIT PMOT STEP 8 MOVER LFSG- THAN 1)

CALL EXIT
15 CONTINUF

D0 25 1= 19 K
RPSI(Jl) = (2.1%*QflI) - PX*QO(I;)/(AKUI)*(P2 +SOAR- PI/AK(T))PRINT 189 AKH(1)g AK(I)t CFREQ(I)v UNZETA(I)t Q0(Ii, RPSI(I)

18 FORMAT (F1u*29 FIQ.49 F15*49 5X3F15*4/)
25 CONTINUE

RETURN
END



WAVE NL'RER TIMFS DRAFT. KH (FT) 4

FORMATWIvF1-4)
8/K CARDS - 6 KH9S PER CARfl

6 A F

RADIUS OF 3YRATION OF ACTUAL MASS (FT)
FOR4ATf2FlUo4
1 CARD

7 MOVE-MOVFR
NU48FR$ TFLLiNG dAL"!N'.& NICH COMPUTATIONS TO PERFORM* (SEE NO.
369 )
FMRMAT (2 110)

1 CARD

1 Afn)
THE ADDED MASS COEFFICIENT a THE RATIO OF REAL MASS AND TOTAL
MASS
I CARD

9 L'•RS
NUMBER TFLLING MACHINF WHE4THER TO COMPUTE PRESSURES
SPE NO. 50)
FORMAT(I14)
1 CARD

*4* FOR PRESSURF CALCULATION ***

1o Rt?)EL
MAX RADIUS OF MODrL(FT)9 INCRFMFNT OF KR VALUE
FORMAT (2Fl.4)
1 CARD

11 L9M9N
NUMRrR OF ORIFNTATIONSNUMRFR OF DFPTHS, NUMRER OF KR VALUES
FnRMAT(3IIb)
1 CARD

12 THETA(I) (I10,L)
ANGLE OF ORIENTATIONS (RAMIANS
FORMAT( I31 )
L/8 CARDS

13 Z(J) (J1,,lM)
DISTANCFS FROM FREE SURFACF (FT)
FORMAT(8F1-ýJ,)
M18 CARDS

THIS IS THE LAST DATA CARD

I



07 SAMPLE PRO)QLcM INPUT rATA

'r)-)rL t4 CONE ROTT-)" (* jrZ C'XP*
1.9A67 11.78 *701

o5 621*-. 1.5 2.0 2,5

3 3
o ')/ 28

i 1u
"j 1.57%.8 1, 141 r-
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;rGUECL LMRL t, ~ C 0 OU EL A i -PI T 9!4 tZ 9 ,P4.

NUMmqEg 0'r SE(.fluNs a

DRAFT lo1b79b FT

WEIGMy a 11.1boo Lbs -0053 LONtj TONS

DISPLACED VOL~.mE z 01092 _T*

VERTIcAL PkITSFATIC COEFFiCIENT Ca a 9113

"NEIGHTl OF CENT~k Of (ikAVjT! ABOVE UASE 0 7900 Ff

H4EIGHT OF c.ENrtI OF bUOYANLPY ABOVE 8ASE a 1,,0221

RADIug OF r3VRAlIOlN (ACTUAL MASS) o64200000 FT

kAD1Uq O)F GyRaIION (UISPLA4.L MASS) a *F

WAUIUS OF GYRAlION AbOUT -C (ACTUAL HASS) *1 FT

DENSITY OF FLLilu 1!?467 8Sl*/T*

ACCELER4mTICU. G GWAVITY xa 21zo FT/SLC**2
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NEw4A- iOUEL. 19 W VALUES MVUL'UL A COt BOTTOM (2 NU - P6

.32 P2 .40002

*V1 .66040)5 booe-~

I OU () ob32U .e6bb b b ez

I O'g, *198u Oo.54

'guo I.1 064U 090 4*vs

I.33Oi~ 3938



U4.761

S0 40 0 CI

40 cm f" m I

I 4 0.- 1*
,4 a' ot t

0 , 40 0

In 1 N -

a.2
8-4 , * - • •

C C') 0 4r. 0 1

4[ ~ C- *- :/I -

4 .0 0 0 0

1* M A-. at C

p "

N

*0 0 0 0 0

At

-4 'a.
* )') A 0.

2 . ---4.,* .-

..I- h" 0' 0• - 0 0.

S4;-

.&

a. ,
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0

0 0D 4 4
Ix4 0 *

U,00 * 0, p

f) 0 0 0 0 0
10 CrD at ch

W 4

4 D

4D0 0 I

V A

z Z> - fD 0
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rmE AvjULE OF~ fME OIEhN~7TATIUN S 0, *AýILANS

THL o14;rj~l%'. PkUm T4E FREE SUPMPACE a .12'W'90 Ff.ET

A*AR ~ PIRNM).OA 'FNASE ANGLE

1 .1000 9.17

2 02000 0949 960

3 .3f)00 05404

4 04000 *9b009 *?47

5 e*5IG0 JoO143145

6 96000 lo ~ v6

7 .7000 .?V*0

8 *Sv00 191064 IOU122

9 09uu0jjSJ 190c37

Ot~ o1qTh.*CE II4vP THE. FREE SUftFACc. -1,4513o FELT

"Ao IR P/RNU.90*A PMASE ANtGLE.

2 0200a 23 10

3 .3000 01141 *0

6 *6000 0014? 00761

? *?UOO *007w OI9

10 9000 .0019 JoU637

1.0000 .0000 101071
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THE~ AoitLE 01;P(- INIENTATIUN lo15!080 RAUIANS

T1IC. DISr.-.-dCE FKOM T-4 FREE bU'KFACE a .12500 FLLT

p/RMU.W.*A PHASE AIVOLE

1 'lUOG 94~ -.0*100

2 02000 08752 -.00000

1 .3000 Oslo? 4000000

0 *000 O?bbi -.U0000

5 eSUQo *.,71b -.0000

OO6O obabb.10 'mo 000

in louGo .514* -.00000

Thr-usi'. PQ~ THiE FWk.E SUMFACAL a 1,45130 FLLT

P/RMO.Ia.A "'9ASE ANLE

2 0ZUUO 'Zoll-.000

4.40 0446 M60000

.3(100 *0041 .0000

13 1.oi0 .00090 .u000

09u00 .0000 j1I1eOJI 004-UO
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I THE A'$iLE OF [HE ONIEfITATIUft *J.1*416V*UJ

THL OLIrA.CE tMUM TME FREE SUýFACE * -12b00 FLLT

4ANP/RNO.la*A PgIASE AN~GLE
I 9iuoo 09b#o M17

2 .200 .42

3 e3000 ftob404

4 .4UQ0 e-l.9G6047

s 05000

6 e6000 1.091l

7 07000 .7-.0

8 .8000 191069 -1.0122

.9000 101401 .1 0937

10 1.00000 1.1~ t14Q

TrlL WrI.TA-4CE FocUm Tv4E FltEE SUNFACL * 1*45130 FLET

%. AN P/RHO.W.*A I*ASE Ar~bLE

1 .~~1000 4U

2.2000 *2U?3 30

3*3U00 .1 -OZ1404

4.4000 00371

6 .6Q0001 -.90e1

8 68(00 goo,$ -190122

q 09000 ~0009 -'1.O'37

10 100000 .00909 -1101
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